its behavior at annual to interannual time scales. Based 83 on the results of this study we will propose a new 84 parameterization of the effective temperature. 85 
Theory

86
[7] The effective temperature (T eff ) is controlled by the 87 soil dielectric and temperature profiles. From radiative 88 transfer theory [Ulaby et al., 1986] , the effective tempera-89 ture can be expressed as:
97 a(z) is an attenuation coefficient related to the soil dielectric 98 constant, l is the observation wavelength, and 0 and 00 are 99 the real and imaginary part of the soil dielectric constant.
100
[8] The shape of the weighting function is determined 101 only by the soil moisture profile through its effect on the 102 dielectric constant. The higher the soil moisture content, the 103 higher the attenuation and the more rapid the weighting 104 function declines with depth. The result is a smaller sensing 105 depth. This effect is illustrated for L band in Figure 1 , which 106 shows examples of a dry (July) and a wet (March) soil 107 moisture profile ( Figure 1a) and their corresponding nor-108 malized temperature weighting functions ( Figure 1b ). It 109 clearly illustrates that a wetter soil profile results in a 110 smaller sensing depth, and that for L band the difference 111 can be several tens of centimeters. 112 3. Material and Methods
113
[9] Soil temperature and moisture data are measured on a 114 bare soil as part of the SMOSREX campaign [de Rosnay et 115 al., 2006] . Thermistors are installed at 1 cm, 5 cm, 20 cm 116 50 cm and 90 cm. Soil moisture is measured by theta probes, 117 installed at 0 -6 cm (4x), 10 cm (x3), 20 cm (x3) 40 cm (x2), 118 50 cm (x2), 60 cm (x2), 70 cm, 80 cm and 90 cm. Soil texture 119 can be characterized as a loam soil, with a porosity of 40%. 120 Wilting point and transition moisture values are calculated to 121 be 0.15 and 0.238 m 3 m À3 respectively, based on the work by 122 Wang and Schmugge [1980] .
123
[10] Using equations (1) -(3), the theoretical effective 124 temperature is computed based on the SMOSREX data of 125 2003 and 2004. The dielectric constant is calculated using 126 the model of Wang and Schmugge [1980] , for a wavelength 127 of 21cm (L band). This model is shown to be highly suitable 128 to represent both the real and imaginary part of the dielectric 129 constant for a large range of soil moisture and temperature 130 conditions. The recent Monitoring Underground Soil Ex-131 periment (MOUSE) confirms its suitability for different soil 132 texture types [Vall-llossera et al., 2005] ).
133
[11] Despite of uncertainties in the measured soil mois-134 ture and temperature profiles, as well as in the 135 corresponding dielectric constant, the theoretical approach 136 is considered to provide a good approximation of the 137 effective temperature. It is used in the following as the 138 ''true'' effective temperature. [12] The calculation of the effective temperature by 141 equations (1) -(3) needs detailed information on tempera-142 ture and water content profiles. For application studies at a 143 larger scale, it will be necessary to use a simple parameter-144 ization. The most straightforward parameterization was 145 proposed by Choudhury et al. [1982] : parameterization for low frequency radiometry:
where C(w Surf ) is a function of the surface soil moisture, 159 w Surf , given as: (3)), the influence of water on the attenua-193 tion of microwave energy is represented by the use of the 194 ratio of the real and imaginary parts of the soil dielectric 195 constant. From this it is expected that a parameterization 196 that uses the soil dielectric constant, in the form of ( 00 / 0 ), 197 instead of the water content would be able to describe the 198 yearly trends better.
199
[17] This approach is tested by calculating C and com-200 paring this to water content and the dielectric properties. 201 Because T eff becomes very insensitive to the sensing depth 202 when the soil temperature profile is almost vertical, we 203 remove the data where (T Surf À T Deep ) 2 is less than 5 K. The 204 remaining C-values are plotted for 2003 against water 205 content (Figure 2a ) and against 00 / 0 (Figure 2b) . These 206 plots clearly show a much better correlation between C and 207 00 / 0 (0.9) than with water content (0.84).
208
[18] Much of this improvement in the correlation is a 209 result of the different dielectric behavior of the soil before 210 and after the transition moisture. Initially, the dielectric 211 constant increases slowly with moisture content. After 212 reaching a transition moisture value (0.238 for this soil), 213 the dielectric constant increases steeply with moisture 214 content [Wang and Schmugge, 1980] . The inconsistencies 215 that occur in the high moisture levels in Figure 2b are 216 not yet explained but are probably related to gradients in the 217 surface soil moisture and temperature profiles. This feature 218 is also observed when, as suggested by equation (3), 219 we consider the relationship between C-values and the ratio 220 ( 00 /( 0 ) 0.5 ) (not shown). However, C is slightly better corre-221 lated to ( 00 / 0 ) (0.9) than to ( 00 /( 0 ) 0.5 ) (0.89). Based on these 222 results we propose the following parameterization of the 223 effective temperature:
where C() is a function of the dielectric properties of the 226 surface: Figure 2 . Scatterplots of (a) C versus surface water content and (b) C versus the ratio of the soil dielectric constant. For data where (T Surf À T Deep ) 2 > 5K. 236 to 0.41 K. The rmse for the summer periods is improved 237 especially, from 0.51 to 0.37 K. However, the higher 238 correlation between C and 00 / 0 is not reflected in more 239 stable calibration at the interseasonal scale. This can be 240 attributed to the inconsistencies in Figure 2b at the high 241 moisture levels. The following section will test the two 242 parameterizations further at the interannual scale. 
252
[21] The best fit parameters for the different temporal 253 scales and the rmse between the parameterized and the 254 theoretical effective temperature are listed in Table 1 . It also 255 indicates, for each time period, the maximum error and the 256 occurrence of errors larger than 1 K. This provides a 257 quantitative assessment of the percentage of situations 258 where the model is not able to reproduce effective temper-259 ature with a 1 K accuracy.
260
[22] Table 1 shows that the new parameterization indeed 261 improves upon the results with Wigneron's method. The 262 rmse are lower than those obtained with [Wig] at the annual 263 and interannual scales. At the interannual scale (2003 -264 2004) , the rmse decreases from 0.573 with [Wig], to 265 0.458 K with [New] . Maximum error decreases from 3.11 266 with [Wig] to 2.43 K with [New] and the occurrence of 267 errors larger than 1 K is 10 and 6 for the two models 268 respectively. The 1 K accuracy is thus ensured at this 269 interannual scale in 90% with [Wig] and 94% with [New] . 270 The stability of the calibrated parameters for [New] is 271 particularly noteworthy. With only one parameter ( 0 is 272 shown to be almost constant at any time scale) the param-273 eterization is able to describe the variations of the effective 274 temperature encountered at different temporal scales.
275
[23] These results indicate that the [New] parameteriza-276 tion takes into account the main processes that govern the 277 thermal sampling depth. For intermediate soil moisture 278 conditions, such as in April 2004, the two parameterizations 279 provide similar results which are in good agreement with 280 the theoretical formulation. The differences between the two 281 parameterizations are more significant in more extreme 282 conditions, such as soil freezing in February 2003 and a 283 very warm period in August 2003. In these conditions, the 284 relevance of the model is strongly dependent on the ap-285 proach used to account for the effects of soil moisture in the 286 computation of the effective temperature. The [New] model 287 which represents this effect through the modifications of the 288 dielectric constant, is closer to the theoretical effective 289 temperature than the [Wig] parameterization. These results 290 underscore that the soil moisture influences the thermal 291 sampling depth through the soil dielectric profile. 
301
[25] This strong variation in the temperature sensing 302 depth is not fully reflected in the parameterization by 303 Wigneron of T eff . This results in unstable values for the 304 calibration parameters at the interseasonal scale.
305
[26] The correlation of the sensing depth with 00 / 0 is 306 shown to be better than the correlation with water content. 
316
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